INTRODUCTION
Methane stored in gobs, abandoned pathways/shafts and crushed strata (formed during underground hard coal mining) could be a valuable energy carrier in actual (or post-) mining areas. On the other hand, this greenhouse gas (GHG) when released into the atmosphere contributes to global warming processes. Only in 2015, the Polish hard coal mining industry emitted 840 million m 3 of methane. 522.62 million m 3 as ventilation air methane (VAM) and 316.85 million m 3 as coal mine methane (CMM) [22] . Detailed information and the database about Polish hard coal mining industry emissions have been published by Patyńska [17, 18] . The EPA (U.S. Environmental Protection Agency) and GMI (Global Methane Initiative) [1, 25] calculated that global methane emissions from the coal mining industry worldwide had reached 401 million tonnes of CO 2 equivalent (1 tonne of CH 4 ≈ 21 tonnes of CO 2 ) in 2000. Because of economic, ecological as well as safety reasons, extraction and utilization of coal mine methane (CMM), abandoned mine methane (AMM) and ventilation mine methane (VAM) should be considered and implemented in the hard coal mining industry and in post-mining areas. Several examples of global projects focused on the extraction and production of CMM/AMM were presented within papers [6, 11, 9, 19, 21, 26] .
Nowadays, traditional rotary drilling technology with rotary table or top-drive systems is commonly used to drill vertical boreholes up to 1000 m [5, 13] . Unfortunately, workings with a classic mud are very risky when drilling boreholes through crushed strata and unconsolidated layers formed due to underground hard coal mining extraction. Within the GEKON project (grant no GEKON1/O1/213764/10/2014) realized at the AGH Drilling, Oil and Gas Faculty, the implementation of Casing-While-Drilling (CwD) technology was proposed to solve this prob-lem. The authors also suggested using top hammer or down-the-hole hammer technology to increase the probability of success and cut the total costs of operations. Detailed information was presented in papers [4, 5, 13] . During the realization of the project a pilot borehole was drilled and a down-the-hole hammer with CwD technology was implemented. The Wieczorek-AGH borehole opened 5 different gob layers and was made extremely fast without any complications.
The complex issues of CMM vertical wellbores productivity were described in Pachik's paper [16] . Several other articles showed the adaptation of the multiple rate drawdown well test technique, as well as a decline curie analysis to predict original gas in places (OGIP) in drilled gob layers [2, 8] . Advanced stochastic methods were also applied for predicted methane extraction and for choosing the best location for future production wells [10, 11] .
When drilling wellbores from the surface to start the production of coal mine methane from post-extraction coal gobs, special attention should be paid to the type of rigs used. These should have the optimum technical parameters and be adjusted to the geological setting, wellbore design and drilling technology, to provide high drilling rates and lower cost of drilling. The type of rig can be correctly selected using the multicriteria optimization method with a synthetic evaluation of the technical parameters. Accordingly, the technical parameters of rigs available on the Polish market were reviewed in detail. This analysis was performed in view of geological setting and depth of post-extraction coal gobs. Two groups of rigs were distinguished on the basis of the geological-drilling conditions and depth of gobs: rigs which may efficiently operate to a depth of ca. 500 m, and over 500 m.
METHODOLOGY OF SELECTING DRILLING RIGS WITH THE MULTICRITERIA OPTIMIZATION METHOD WITH A SYNTHETIC EVALUATION MEASURE
The rigs for drilling wellbores to start the production of coal mine methane from postextraction coal gobs can be selected with the multicriteria method with a synthetic measure of technological parameters evaluation. This method allows for the practical comparison of various criteria in view of their measure and weights. All criteria are reduced to dimensionless values, thanks to which they can be compared [20, 23] . The number of criteria assumed for the evaluation of rigs can be arbitrary [30] .
In this method the rigs can be fully compared. Here the weight criteria (W) and minimum or maximum functions were established [14] . For the matrix of criteria [x l jk ], where: l -1, 2, ….. z, number of analyzed groups of rigs, j -1, 2, ….. u, number of rigs in a given group, k -1, 2, ….. h, number of assumed criteria, applying the following procedure allowing for synthetic evaluation [3, 14] :
-establishing weight (W) for the particular evaluation criteria for rigs. The sum of assumed weight values should equal zero, -determining the minimum maximum values of particular criteria
-calculating the range of particular criteria allows for evaluating and comparing particular rigs, whereas synthetic measures D l allow for comparing groups of rigs [14] .
REVIEW OF TECHNICAL PARAMETERS OF RIGS USED FOR NORMAL DIAMETER DRILLING WITH THE PERCUSSION-ROTARY METHOD
The technological parameters of rigs currently available on the Polish market for drilling normal diameter wells with the percussion-rotary method from the surface using down-hole hammers were reviewed considering the geological setting of the Upper Silesian region and depth of deposition of post-extraction coal gobs. Taking into account the geological-drilling conditions and the depth of the gobs, selection criteria for rigs which have a significant influence on the efficient realization of wells for coal mine methane from old gobs with high technical-economic drilling parameters were worked out. Among the most important criteria with an influence on the choice of the rig are: initial drilling diameter, mast high, mast capacity, rotary speed, torque, pressure of air compressor, engine power and weight.
High-rate drilling significantly shortens the time of the operations and so limits the number of failures and drilling complications connected with lost mud circulations and maintaining the stability of wellbore walls. Owing to the considerable variation of the depth of old workings and technical parameters of rigs, two depth zones (to 500 m and over 500 m) were distinguished to provide the efficient drilling of production wells. Each depth zone was ascribed rigs, the technical parameters of which would guarantee the realization of wells at high rates of drilling and a low cost. Among the rigs to be used to a depth of 500 m are Atlas Copco T3WDH, Fraste FS300, Massenza MI20, Nordmeyer DSB 3, Prakla RB40 and GEF-CO B30. The rigs recommended for drilling wells over 500 m deep are Atlas Copco RD20, Fraste FS500 Massenza MI50, Nordmeyer DSB 5, Prakla RB50 and Wirth B-3A.
SELECTING RIGS FOR THE REALIZATION OF PRODUCTION WELLS WITH THE MULTICRITERIA OPTIMIZATION METHOD WITH A SYNTHETIC EVALUATION MEASURE
Rigs used for drilling gas wells from post-extraction coal gobs performed with the percussion-rotary method were selected on the basis of a comparison of the technical parameters of rigs, according to eight criteria. Taking into account the specific character of the realization of this type of wells and the geological and drilling conditions in the place of the planned realization, weights (W) were established for each criterion. The criteria, established values and assumed weight values are listed in Table 1 . The highest validity weight criteria W have been assigned for those technical parameters of drilling rigs that have the most important impact on the safe and effective implementation of the designed gas well for simultaneous methane recovery from post-extraction gobs. The technical parameters of all the analyzed rigs which may be used for making gas wells in post-mining areas are presented in Tables 2 and 3 . The results of multicriteria optimization with synthetic evaluation measure for drilling wells performed with a percussion-rotary method with a down-hole hammer are presented in Tables 4-7 . Table 7 Results of the evaluation of rigs for drilling wellbores with a down-hole hammer to a depth over 500 m, accounting for the "w"coefficient 
